focusing on the relationship between CAG repeat size and disease duration.
Huntington's Disease (HD) is an autosomal-dominant neurodegenerative disorder caused by an expanded CAG repeat in exon 1 of the huntingtin gene (HTT) which encodes a stretch of glutamines in the huntingtin protein. 1 The mean age of onset is in the fourth decade 2 and the size of the CAG repeats sequence in the mutant allele is inversely related to the age at onset. 3 Several studies also support a positive correlation between the size of the expanded repeats and the rate of disease progression. [4] [5] [6] Recently, the triplet size in the normal allele has been shown to play a role in modulating the clinical severity and progression of HD as well. 7 Whether the size of the CAG repeat expansion also has an impact on the survival time, is still an unanswered question. Lack of long term follow-up studies in genetically defined HD populations and failure to use survival analysis methodology may have contributed to leave this issue unsolved.
In the current study, we examined rates and predictors of survival in a population of 135 HD patients, particularly ABSTRACT: Background: The primary aim of the present study was to determine the survival rates and identify predictors of disease duration in a cohort of Huntington's disease (HD) patients from Southern Italy. Methods: All medical records of HD patients followed between 1977 and 2008 at the Department of Neurological Sciences of Federico II University in Naples were retrospectively reviewed and 135 patients were enrolled in the analysis. At the time of data collection, 41 patients were deceased (19 males and 22 females) with a mean ± SD age at death of 56.6 ± 14.9 years (range 18-83). Results: The median survival time was 20 years (95% CI: 18.3-21.7). Cox regression analysis showed that the number of CAG in the expanded allele (HR 1.09 for 1 point triplet increase, p=0.002) and age of onset (HR 1.05 for 1 point year increase, p=0.022) were independent and significant predictors of lower survival rates. Conclusions: We believe that these findings are important for a better understanding of the natural history of the disease and may be relevant in designing future therapeutic trials. Department of Neurological Sciences of Federico II University in Naples, which is a referral center for HD.
Inclusion criteria were manifest signs and symptoms of the disease and positive molecular testing for the presence of a CAG triplet number >39 in the HD gene.
For all cases, sociodemographic and clinical data (date of birth, sex, age and symptoms at onset, and sex of affected parent) were collected at the first full evaluation by a neurologist experienced in movement disorders. Most of the treating physicians and the ones reviewing the medical records of the patients included are the authors of the present study. Age of onset was based on first appearance of motor changes (chorea, dystonia, bradykinesia), psychiatric disturbances (personality changes, psychosis), memory decline, or a combination of these symptoms. For subjects manifesting the disease after 2001 (n=35), motor onset was considered only when the signs were unequivocally related to HD with a confidence in the diagnosis of 99% based on the Unified Huntington's Disease Rating Scale (UHDRS). Depression and anxiety, despite often affecting preclinical and early phase patients, 8, 9 were not considered onset symptoms, because of their high prevalence in HD families and in the general population. Some patients with motor onset symptoms were under psychotropic medication for depression or anxiety at the time of the diagnosis.
The DNA for genetic diagnosis was extracted from venous lymphocytes after collection of informed consent from all the patients. Genetic testing for HD was performed according to published methods. 10 Follow-up was carried on until December 2008, or through death age for deceased patients. Information about the date and the causes of death were obtained from spouses or first-degree relatives by a personal interview.
Standard protocol approvals, registrations, and patient consent. The study was approved by the Federico II University Ethics Committee.
Statistical analysis.
Descriptive statistics are presented as mean ± standard deviation (SD) for continuous variables and proportions for categorical variables. The two group comparisons of categorical or continuous variables for demographic and clinical features were performed using χ 2 or Fisher exact test and Wilcoxon rank sum test. Regression analysis was performed to examine relations between variables.
A regression model was fit with the size of the expanded allele as independent variable and the natural log of age of onset as dependent variable, as published elsewhere. 3 Survival was defined as the time in months between onset and death or last assessment in 2008 for censored patients.
The analyses were graphically represented by Kaplan-Meier curves and the statistical comparison of the survival curves was performed with the log-rank test. Cox proportional hazards modeling was used to examine factors related to survival. A likelihood ratio test was used to compare the fit of the models. All tests were two-sided with a significance level of 0.05. Statistical analyses were performed using SPSS software, version 18 
RESULTS
Of 138 subjects, three refused to participate and the remaining 135 were included in the study. The clinical characteristics of the included patients are summarized in table 1. All patients were heterozygous for the triplet expansion in the HD gene. Only one patient also carried in the wild type allele a number of triplets in the reduced penetrance range (37 CAG repeats).
A significant inverse correlation was found between CAG expansion of the mutant allele and the natural log of age at onset (R 2 = 0.57; p<0.001). The mean ± SD follow-up time after diagnosis was 145 ± 90 months (range 12-552). No statistical differences in CAG repeat sizes in both alleles, onset age, disease duration, death age, and number of deaths were found between males and females (data not shown). At the time of data collection, 41 patients were deceased (19 males) with a mean ± SD age at death of 56.6 ± 14.9 years (range 18-83). The reported causes of death were pneumonia (42%), cardiovascular complications (26%), aspiration followed by asphyxia (14%), cachexia (6%), falls (3%), and suicide (3%). In the remaining cases information on the primary cause of death was unspecified. The median survival time was 20 years (95% CI: 18.3-21.7). No difference in survival estimates for time from symptom onset was registered between genders (p=0.85) (Figure) . Also no differences in survival rates were found according to onset phenotype (p=0.79), sex of the affected parent (p=0.30), and when patients were categorized into three age groups: ≤20 (n=6, range: 6-20), 21-49 (n=89), ≥50 (n=40, range: 50-70) (p=0.51).
The following variables were considered in the proportional hazard model: sex, symptoms at onset, reported causes of death, the size of the wild type and the expanded CAG repeats and age of onset. Patients were found to have a higher risk of death for every unit increase of CAG triplet size in the expanded allele (HR 1.09 for 1 point triplet increase, p=0.002) and age of onset (HR 1.05 for 1 point year increase, p=0.022) ( Table 2) . Schoenfeld residuals investigation showed no violation of the proportional hazards assumption.
A supplementary model was run including the interaction between the CAG triplets in both alleles. The interaction was not significant (HR 0.99, 95% CI 0.98-1-00, p=0.39) and was excluded from the final model.
To further explore the role of cardiovascular causes of death as a confounding factor for reduced survival in older age patients, we explored the age at death and CAG repeat expansion between patients dead for cardiovascular vs non-cardiovascular reasons, but found no difference (p=0.22 and p=0.17 respectively).
DISCUSSION
Aim of our study was to analyze the survival and the predictors of survival in a genetically confirmed population of HD patients.
The formal diagnosis of HD is currently made on the basis of the presence of an otherwise unexplained extrapyramidal movement disorder in a person with a positive family history, confirmed by gene testing. However, there is increasing recognition of subtle cognitive and behavioral symptoms happening years before. 11, 12 Since it is also likely that the optimum point at which to introduce neuroprotective drugs to slow the rate of disease progression is the early stage, we decided to use a broader definition of disease onset. Interestingly, no difference in survival rate was found according to onset phenotype.
Pneumonia and heart failure were the most frequent leading to death causes in our series, similarly to a previous report on 395 HD patients. 13 The observed frequency of suicides is also similar to that reported by others. 14, 15 Our findings demonstrate that the CAG repeat length in the mutant allele is a significant predictor of survival in HD. A previous study on 121 HD patients followed for an average of 8.5 years showed a slightly, not significantly shorter survival for patients carrying larger CAG repeats (HR=2.4, p=0.071). 16 Older onset age of HD, when treated as a continuous variable, also predicted shorter disease duration, which may be explained by an additional effect of the shorter life expectancy inherent to old age. This latter finding is similar to that found by some researchers, 17, 18 not by others. 19 The reason for these discrepancies could be the lack of inclusion of very late onset patients. Interestingly, both CAG repeat length and age of onset remained significant predictors of survival, also when other potential confounding factors were included in the Cox model.
Whether patients with juvenile onset also have a reduced survival is still debated, 18, 20, 21 . No reduced survival was found in patients with disease onset <20 years in our cohort, even though it must be taken into account that the number of cases was very small (n=6). Several issues of this study deserve comments. First, because most of the patients come from the same area, the extent to which our findings can be generalized is uncertain. Second, the retrospective data collection is a potential limitation. Third, ages of onset and data about the causes of death may be inaccurate.
Nevertheless, so far this is the longest survival analysis study in a genetically confirmed population of HD patients. Since the knowledge of the natural history and of the variables that have an impact on the survival is essential for counseling of patients and design of future therapeutic trials in HD, larger population-based studies comprising detailed and standardized phenotypic information will be required in the future to validate or modify our conclusions.
